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2. Although emlodlploe Is effective as Che free base, itj 
practice It is best adniniotered la the form of a 
pharmaceutics lly acceptable acid addition salt* Whercao 
certain prevlou6ly-known sales of amlodlplne have satisfied 
Borne of the neceaeory criteria for pharmaceutical 
formulation* none have satisfied them all, and even the 
previously preferred oialeate (EP-A-89167/US 6,572*909), 
whilst exhibiting excellent solubility, has unacceptable 
stability Characteristics. Hence the formulation studies 
were carried out under pry •direction to compare a range of 
pharmaceutical!? acceptable acid addition salts of anlodlplne 
uelog four physlcochenlcal criteria: namely solubility and 
saturated solution pH; eolid state stability; nygroscopldty; 
and "procassablllty", as described below i- 

ja) Solubility and saturated solution pH 
Generally It Is known In the art that a good aqueous 
solubility la necessary foe good bioavailability. Usually a 
solubility of greater than 1 ng ml*"* at a pH froa I to 7.S Is 
sought, although higher solubilities are required to 
formulate Injections. To addition , salts which provide 
solutions having a pR close to that of blood (7.4) are 
preferred because they are readily biocompatible and can 
easily be buffered to Che required pH range without altering 
their solubility. 

The aqueous solubility was measure by the separate 
equilibration (by continuous agitation) of an excess of each 
salt form in die tilled water overnight at 37 *C, then by 
sassy, after centrifugal Ion end suitable dilution with 0.01 N 
net ha nolle IfCl, using u.v. spectroscopy. 

The saturated solution pH was measured after centrlfugatlon, 
but prior to dilution using 0.01N nethanollc KCl, by 
conventional means, 
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As can be seen from Table 1, the besylace salt of amlodlplne 
exhibit© favourable solubility end saturated solution pH 
characteristics. 



TABLE 1 



Salt 


Solubility 


pH at 


-i - 1 


ng sal 


saturation 


Beaten* eulpboaate (beeylate) 


4.6 


6.6 


Tolucnesulphonete (rosylate) 




5.9 


Hetheuesuiphanate (mesylate) 


>25 


3-1 


Succinate 


4.6 


4.9 


Salicylate 


1.0 


7.0 


Moleate 


4.5 


4.8 


Acetate 


>50 


6*6 


Hydrochloride 


>50 


. 3-3 


Free base 


0.09 





(b) Solid state stability 

Cood stability In the solid state Is very loportant for 
tablets and capsules. , 



In order to screen for solid state stability, each of the 
salts was blended vltb a pevder vehicle and formed into 
tablets or capsules containing 51 by weight of the 
appropriate salt form. In the case of tablets, the povder 
vehicle vas nlcroctystsUlne cellulose and anhydrous dibasic 
calclu* phosphate (50i50), and the mixture vas compressed 
Into tablets under 1 ton pressure. In the case of capsules, 
the powder vehicle vas oannltol and dried naiee starch 
(B0: 20). These were then stored lo sealed vials at 50 and 
75 *C for up to three vesica. The drug and any break-down 
product* vere extracted vlth methanols chloroform (SOiSO) and 
separated on allies tic plates using a variety of solvent 
systems. 
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the results were compared and the salts ranked according to 
the Dumber end aoount of break-down products produced (Table 
2). The besylate emerged as the too at stable and the 
•hydrochloride the J east stable salt form. 

TABLE 2 



Salt 



Stability 



Besylate ' 

Mesylate 

Tosylate 

Succinate 

Salicylate 

Males te 

Acetate 

Hydrochloride 



TNCBEASIKC 
STABILITY 



lc) RygroacoplcltT 

In order to provide stable solid formula clone It la desirable 
to have a non-hygroscopic salt. In Che solid state where 
drug content Is high, absorbed films of moisture con act as a 
vector for hydrolysis anfc chemical b rank-down. It is the 
hygroscopic nature of a drug or It's sale which contributes 
to the free aolsture which ie normally responsible for 
instability. 

Separate samples of the besylate, tosylate, mesylate, 
succinate, salicylate, maleate, acetate and hydrochloride 
salts of amlodlpine were each stored over both saturated KaCI 
at 37*C aod saturated BaClyt^O at 30 # C, to give 75 and 901 
relative humidities respectively. Changes in sample weight 
were recorded for up to seven days and related to their 
molecular weights to quantify the extent of hydrate 
formation. If any. 

Of the salt forms tested, only the maleate, tosylate and 
besylate ealta do not pick up eny moisture when exposed to 
75i relative humidity at 37 m C for 24 hours. Even when 
exposed to 901 relative humidity at 30 # C for 3 days, both the 
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be &y late and tnaleaCe remain anhydrous whilst Che CosylaCe 
formed Che dlhydrate salt. Therefore Che beeylatc salt cao 
be considered Co be non-hygroscopic and thus provides stable 
formulations, minimising the risk of Intrinsic chemical 
breakdown. 

(d) "Proceflsabllltv" 

Good "processablllcy*' characCerlstlc* of an acceptable salt 
arc very Important and are principally defined by Che 
compression proper eles and alao the ability not Co stick or 
adhere to the tablet-making machinery. 

For high dose formulations, good coop ressab Hit y la very 
important Co make elegant tablets. With Lover dose tableCe, 
Che need for good cotnpressability can be eliminated Co a 
certain extent by che use of sol Cable diluting exclplencs 
called compression aids.- Mlcrocrystelllne cellulose is a 
commonly used compression aid. However, whatever Che dose, 
the adhesion of the drug to the punches of che Cablec machine 
anise be avoided. When dru^ aceunulaCes on the punch surfaces 
this causee the tablet surface to become pic ted end therefore 
unacceptable. Also, adhering of the drug In this vay results 
In high ejection forces when removing Che tablet from the 
machine. Xn practice it Is possible to reduce adhering by 
vec-nssslng, careful selection of exclplencs and che use of 
high levels of anti-adherents, e.g. magnesium ©tears te (which 
also functions as a boundary lubricant). However selection 
of a sale with a United adhesion propensity minimises Chess 
problem. 

In order to compare che adhesion propensity of che various 
salts of anlodlplne, che following procedure vas carried out 
uelog conventional tablet -making machinery. Fifty tablets 
containing a mixture of calcium sulphate dlhydrate (this 
exdpleoc was used InsCead of anhydrous calcium phosphate in 
Chla study because It was less abrasive, which results in 
higher levels of drug adhesion* and experimentally allowed 
easier discrimination between Che various salt forma) » 
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nlcrocrystalline cellulose sod the appropriate salt of 
atlodlplne (47 • 5: 47. 5 t 5) vers nade, the material adhering to 
the tablet punch vaa then extracted using methanol and the 
amount measured ape tt rone trically. This procedure was then 
repeated for runs of 100, 150, 200, 250 and 300 tablets. 
After each run the amount of naterlal adhering to the tablet 
punch vac oea^ured after extraction with natbaaol. The 
values are plotted and an average value calculated from the 
slope of the line produced. the amount of each salt of 
anlodtplne measured as adhering to the tablet punch, and 
relative to the naleate salt, is shown lo Table 3. ' 

TABLE 3 



Salt 




Stickiness 




-2 

U8 Afclodlplne salt en Eelatlve to 




tablet" 1 


maleate (X) 


Mesylate 


1.16 1 


58 


Beoylote 


1.17 


59 


Tosylate 


1,95 


98 


Maleate 


1.98 


100 


Free base 


2.02 


102 


Succinate 


2.39 


121 


Hydrochloride 


2.51 


127 


Salicylate 


2.85 


144 


Acetate 







Clearly the be sy late Is vuch less adherent than the maleate. 
Whilst the mesylate also shows good "processoblllty"* It 
tends to be Isolated as the anhydride, but this equilibrates 
to the monahydrate leading to variable composition after 
MMifacture which also stakes It unacceptable for use lo 
tableta. 

The results given above are the true results obtained. 



P0093769 



6. In nummary, the be fry late salt of ablodlplne has been found to 
possess a highly desirable combination of pbyslcochemlcal 
properties* such properties being unpredictable both 
Indlvlduolly and collectively. Thus this salt form is 
outstandingly sultabLe for the preparation of pharmaceutical 
formulations of amlodlplne that are of major commercial 
Importance. 
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